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(54) Seismic seabed cable with acoustically uncoupled sensor units 



(57) A prefen^ed seismic survey system includes a 
cable having a sensor unit. The sensor unit Includes 
sensors for detecting acoustical energy (e.g., shear and/ 
or pressure waves) and is disposed in a decoupling de- 
vice that substantially acoustically uncouples the sensor 
unit from the cable. One preferred decoupling device in- 
cludes relatively flexible tension members that Isolate 
the sensor unit from acoustical-energy related move- 
ment of the cable. A fastening member, which is option- 



ally fomr^ed of vibration absorbing material, affixes the 
sensor unit to the flexible member. Optionally, a spacer 
adjusts the resonant frequency of the tension member 
and a resilient tube encloses the decoupling device. 
One preferred seismic sun^ey method includes connect- 
ing the sensor unit to a cable with a decoupling device 
that substantially acoustically uncouples the sensor unit 
from the cable; and positioning a sensor unit on a sea- 
bed such that the sensor unit Is acoustically coupled to 
the seabed. 
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Description 

[0001] The present invention relates to marine cables 
with sensor units for detection of reflected acoustical en- 
ergy. 

[0002] Conventional seismic surveys are conducted 
by a vessel towing an acoustic source close to a water 
surface. This source emits acoustical energy, typically 
In the f onm of pressure waves (p-waves) , that penetrates 
a geological formation of interest below a seabed or mud 
line ("subsurface forniatlon"). Some of the emitted en- 
ergy Is reflected when the pressure waves pass through 
the boundaries between the different layers in the 
ground. A network of sensors (e.g., hydrophones) 
mounted in one or more cables registers reflected 
acoustical energy In the f omri of p-waves. These cables 
are typically towed in corijunction with or separately from 
the acoustic source. Conventionaily, the hydrophones 
are pressure sensitive electrical sensors that generate 
electrical signals con-esponding to the detected acous- 
tical energy. 

[0003] Parts of the energy in the emitted p-waves are 
reflected as shear waves (s-waves). By registration of 
the s-waves one can get additional infonmatlon about 
the subsurface fomiation, S-waves propagate only 
through solids, not liquids. Therefore, the sensors con- 
figured to detect s-waves are ideally placed at the sea- 
bed to record this type of signals. This is known tech- 
nology, and the method is amongst other described in 
U.S. Patent No. 4,725,990. The sensors that are used 
have to be motion sensitive (e.g.« geophones or accel- 
erometers). 

[0004] The sensor units* acoustic coupling to the sea-' 
bed is a critical factor for measuring s-waves. Most 
known solutions are based on the sensor units* gravity 
to acoustically couple the sensor unit to the ground. By 
acoustically couple, it is meant that s-waves (or other 
forms of acoustically energy) are transfen^ed to the sen- 
sor unit from an adjacent body (e.g., seabed). Several 
solutions have been proposed to optimize the acoustic 
coupling, amongst other U.S. Patent 5.275.066 where 
it is claimed that the sensor unit has to be heavy. How- 
ever, it is believed that a heavy sensor unit will have lim- 
itations In the frequency band that can be recorded. A 
heavy sensor typically acts as a filter for the high fre- 
quencies because the shear forces In the seabed will 
not be large enough to move the sensor at high frequen- 
cies. Patent No. 307482 (Norway and WO 00/29874) 
describes a solution where the sensor unit has to be 
substantially heavier per unit of length than the cable 
between them. With relatively thick and heavy cables 
this wilt result In a heavy sensor, and It nnay not be able 
to record the highest frequencies. According to known 
theory, the sensor unit should have a specific gravity 
equal to the specific gravity of the seabed to achieve 
optimum measurements. Moreover, tests have shown 
that a sensor with higher specific gravity than the sea- 
bed gh/e acceptable results as long as the sensor does 
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not have very high spSmc gravity. To the inventors* 
reading, Patent No. 307482 does not appear to explain 
why the ratio between the weight of the cable and the 
sensor has to be as described. It is presumed that the 

5 Intention is to make a system where the vibration in the 
cable is not transf enred to the sensor unit. Other relevant 
discussions are found in GB 1 ,385971 , 2,202,956 and 
2,247,527. U.S. 5,575.187 and WO 97/19846. 
[0005] To make most advantageous use of reflected 

10 shear Waves, there Is a need for a simple sensor unit 
that can detect shear waves in an extended range of 
frequencies. 

[0006] According to the present invention there is pro- 
vided a system for marine seismic exploration as 

IS claimed In dalm 1 , a method for performing seismic sur- 
veys as claimed in claim 17 and a seismic jcable as 
. claimed in claim 26. 
[0007] The prefen^ed embodiment provides devices, 
systems and methods for enhanced detection of reflect- 

20 ed acoustical energy, particularly those In the fomn of 
shear waves in a seabed. A prefen'ed system for marine 
seismic exploration includes a first vessel for deploying 
a seismic source in a body of water, and a second vessel 
for deploying a cable adapted to rest on a seabed. One 

25 or more sensor unite disposed along the cable are con- 
figured to detect reflections of the acoustk:al energy 
emitted by the source. A preferred sensor unit includes 
a sensor for detecting shear waves (e.g.. a multi-axis 
accelerometer) and a pressure wave sensor (e.g., hy- 

30 drophone). The sensor unit includes electronics circuitry 
for processing and transmitting the signal output of the 
sensors. Preferabty. the cable Includes a signal/data 
transmission carrier to allow the exchange of data be- 
tween the sensor units and surface equipment. The sig- 

35 nal transmission carrier, which can be formed of wires 
configured to transfer electrical signals, optical signals, 
and/or power, is preferably coupled to the sensor unit 
with a subsea connector. 

[0008] Each sensor is disposed in a decoupling de- 

40 vtee that substantially acoustically uncoupling the sen- 
sor units from the cable. One preferred decoupling de- 
vice for providing isolation or uncoupling from reflecting 
acoustical energy in the cable (e.g., shear waves) in- 
cludes constituent structures that are substantially less 

45 rigid than the cable. In one embodiment, the decoupling 
device includes one or more one flexible tension menrv 
ber having opposing ends connected to the cable. The 
sensor unit is affixed to the flexible tension member with 
a fastening member. Optionally, the fastening member 

50 is at least partially formed of a vibration absorbing ma- 
terial. Additionally, a spacer can be affixed to the tension 
member to selectively adjust the resonant frequency of 
the tension member Further, a resilient tube can be 
used to partially or fully enclose the sensor unit and as- 

55 sociated equipment. 

[0009] According to another embodiment there is pro- 
vided a method for perfonning marine seismic surveys. 
In one prefenred embodiment, the method includes dis- 
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posing a sensor unit in a cable, positioning the sensor 
unit on a seabed such that the sensor unit is acousticaliy 
coupled to the seabed, and connecting the sensor unit 
to the cable with a decoupling device that substantially 
acoustically uncouples the sensor unit from the cable. 
The sensor unit can be configured to detect reflected 
acoustical energy that are In the form of shear waves 
and/or pressure waves. Preferably, the method includes 
substantially isolating the sensor unit from movement in 
the cable that Is associated with acoustical energy. In 
other embodiments, the method includes transmitting 
data signals indicative of the detected reflected acous- 
tical energy via at least one data transmission carrier to 
a surface vessel. 

[0010] it should be understood that examples of the 
more Important features of the invention have been 
summarized rather broadly in order that detailed de- 
scription thereof that follows may be better understood, 
and in order that the contributions to the art may be ap- 
preciated. There are, of course, additional features of 
the Invention that -will . be dgjsiite^ hereinafter and 
which will form the subject of the claims appended here- . 
to. 

[001 1 ] Various embodiments of the present invention 
will now be described, by way of example only, and with 
reference to the accompanying drawings in which: 

Figure 1 schematically Illustrates a marine seismic 
survey system anranged according to one embodi- 
ment of the present invention; 

Figure 2 illustrates a side view of one prefen-ed em- 
bodiment of the present invention; 

Rgure 3 illustrates a convention arrangement for 
handling a seabed cable; 

Figure 4 illustrated a mode In which an exemplary 
conventional cable may be damaged during deploy- 
ment; and 

Figure 5 illustrates how a cable made In accord- 
ance with one embodiment of the present Invention 
aocomnnodates small radiuses encountered during 
deployment. 

[0012] The preferred embodiment relates to appara- 
tus and methods for acoustically uncoupling a sensor 
unit from adjacent segments of a marine cable to en- 
hance the detection of at least shear waves. The present 
invention is susceptible to. embodiments of different 
forms. There are shown In the drawings, and herein will 
be descnbed in detail, specific embodiments of the 
present invention with the understanding that the 
present disclosure is to be considered an exemplifica- 
tion of the principles of the invention, and is not intended 
to limit the invention to that illustrated and described 
herein. 



' P013] Referring initially to Fig. 1 , there is shown an 
exemplary embodiment of a marine seismic survey sys- 
tem 10 for recording s-waves. The preferred system 10 
Includes a first vessel 12 for towing a seismic source 20 

5 such as an air gun an^ay and a second vessel 30 for 
deploying a cable 40 with sensor units 50 at the seabed 
60. Alternatively, the survey can be performed with one 
vessel. For example, a vessel can depjoy the sensor ca- 
ble 40. which can Include tethering or hooking up the 

10 sensor cable 40 to a substantially stationary installation 
62 (e.0., a buoy or platfonn) In a pre-seiected area. By 
substantially stationary, It is mearit that the nriovement 
of the sensor is restricted to a predefined range or pe- 
rimeter. The buoys and/or platform can be fitted with a 

IS suitable data recording system. Thereafter, the same 
vessel can deploy the seismic source. Thus, in such an 
alternate anangement the cable-deployment vessel 
and the source-towing vessel are the same vessel. 
[0014] Regardless of the particular anangement 

20 used, the seismic source 20, upon deployment, emits 
aeoustic pulses or pressure waves ("p-waves"), illustrat- 
ed by line 70, that propagate through the water and the 
different layers of a subsurface geological formation of 
Interest 72. Some of the energy In the emitted energy 

25 70 is ref lectied from the boundaries between the different 
layers in the subsurface fonmation 80. These bounda- 
ries are sometimes referred to as "reflectors" having dif- 
ferent acoustic impedances. The reflected acoustical 
energy will partly be shear waves ("s-waves") and partly 

30 p-waves, and are illustrated by line 90. The reflected en- 
ergy is detected by the sensor units 50, which transmit 
responsive signals to a recording system (not shown) 
onboard the vessel 30. These signals are recorded, 
processed and analyzed by known techniques. 

35 [0015] The preferred embodiment provides optimal 
measurements of the reflected energy by acoustically 
uncoupling the cable 40 from the sensor unit 50. It is 
preferred that the sensor unit 50 measure s-waves In 
the immediate vicinity of the sensor unit 50 ("point meas- 

40 urements"). Point measurement is not optimal when the 
sensor unit 50 Is exposed to acoustical energy associ- 
ated with s-waves present In sun-ounding elements. For 
example, the cable 40 between the sensor units 50 will, 
In most cases, be relath^ely thick (20-30 mm) and very 

45 rigid. Because of its relative rigidity, the cable 40 can 
pick up reflected acousttoal energy such as s-waves hit- 
ting the cable 40. The s-waves propagate through the 
cable 40 and Influence an inadequately isolated sensor 
unit 50. Thus, the measurements are no longer point 

50 measurements, but a measurement over a larger area 
made up by the antenna that the cable 40 represents. 
[001 6] Referring now to FIG. 2, there Is shown a pre- 
ferred sensor module 1 00 that is mechanically connect- 
ed to, but substantially acoustically uncoupled from, a 

55 cable 40. The preferred sensor module 100 Includes a 
sensor unit 120, a decoupling device 140 and a protec- 
tive tube 170. 

[0017] A preferred cable 40 for use with the sensor 
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module 100 is composed of a plurality of axially-allgned 
segments 40A. Each cable segment 40A connects to 
an adjacent sensor module 100 and preferably includes 
data carriers 42 {e.g., eiecirtcal and/or fiber optic con- 
ductors) and a stress member 44. The stress member 
44 can be fomied of either steel or synthetic fiber, and 
fomned as a central core within the cable 40 or outside 
fomned as amior sheathing around the cable 40. 
[0016] A preferred sensor unit 120 includes sensors 
and electronics for detecting and processing seismic da- 
ta, A preferred sensor unit 120 includes one or more 
sensors for detecting reflected acoustical energy such 
as s-waves and p-waves. Suitable sensors include geo- 
phones and motion sensors. Exemplary motions sen- 
sors include single or multi-axis accelerometers such as 
three-component sensors (I.e., three sensors mounted 
orthogonally to each other). The signals produced by 
these sensors are processed (e.g., digitized) by elec- 
tronics circuitry such as known microprocessors (not 
shown) and transmitted to a recording system (not 
shown) at the surface. Suitable sensors and sensor sys- 
tems are disclosed in U.S. Application 09/936,629, filed 
Sept. 12, 2001 and entitled ''Accelerometer Transducer 
Used for Seismic Recording," which Is oonfimonly as- 
signed. The preferred sensor unit 120 also receives data 
relating to p-waves from an adjacent hydrophone 122. 
[0019] The decoupling device 140 attaches the sen- 
sor unit 120 to the adjacent cable segments 40A via a 
structure that substantially prevents the transfer of 
acoustical energy from the cable segments 40A to the 
sensor unit, 120. This stmcture.can be. fomied of mate- 
rials and elements that attenuate, absorb, dampen or 
block such energy transfer For example, the sensor unit 
120 can be molded into polymer (e.g., polyurethane) 
body having one or more pre-selected characteristics 
(e.g., weight, buoyancy, flexibility, acoustic transparen- 
cy). Preferably, the structure is configured to transfer 
tension between the adjacent cable segments 40A so 
that the cable 40 can be towed and handled as substan- 
tially Integral unit. The structure is also configured to Iso- 
late the sensor unit 1 20 from the acoustical energy prop- 
agating through the cable.40. This energy can be man- 
ifested as motion (ap., vibration). For example, the 
structure can Include a material that is flexible enough 
to defonn in a manner that vibratory movement in the 
adjacent cable segment 40A is not transmitted to the 
sensor unit 120. 

[0020] An exemplary staicture for a preferred decou- 
pling device 140 includes termination blocks 110, ten- 
sion members 142, and fastening members 130. The 
temnination blocks 110 provide an anchor or attachment 
point between the sensor module 100 and the cable 40. 
Preferably, the stress members 44 of adjacent cable 
segments 40A are fixed to the termination block such 
that a force applied to the cable segments 40A (e.g.. 
tension) is transferred to the termination block 110. The 
termination blocks 110 transfer this force to the tension 
members 142. 



[0021 ] The tension members 1 42 substantially acous- 
tically Isolate the sensor unit 120 from the cable 40. In 
a preferred embodiment, the tension members 142 are 
affixed to and transfer tension between the termination 

5 blocksllO. Further, it is preferred that the tension mem- 
bers 142 be less rigid than the cable 40. An exemplary 
tension member 142 is configured to have sufficient ten- 
sile strength to withstand the tension or traction loading 
associated with deployment or handling of the cable 40 

10 but is sufficiently flexible to attenuate shear loading. 
Suitable materials for the tension members 1 42 include 
known steel cables and man-made materials such as 
synthetic fiber rope. While the degree of flexibility (or 
rigidity) can depend on the particular material and struc- 

15 ture of the decoupling device 1 40, It is preferred that, for 
example, the tension members 1 42 be substantially less 
rigid than the cable 40 to provide a greater degree of 
acoustic isolation for shear waves in the cable 40. It . 
should be appreciated that the tension members 142 

20 acoustically decouple the sensor module 120 from the 
cable 40 by substantially limiting the transfer of s-waves 
from the cable 40 into the sensor module 1 00. Thus, the 
weight and rigidity of the cable 40 will not influence the 
measurements of the sensor module 100. Moreover, it 

25 should be appreciated that the weight of the sensor can 
be determined from the criteria which gives the best 
acoustic coupling In the required frequency band. 
^ J0022] The fastening member 130 provides the con- 
nection point between the sensor unit 120 and the ten- 

30 8ion members 142. in one embodiment, the fastening 
members 130 are ring-like members or hamesses at- 
tached to the sensor unit 120 that have passages (not 
shown) for receiving the tension members 142. In other 
embodiments, the fastening members can use hooks, 

35 clamps, collars and other known attachment devices. In 
certain applications, at least one fastening member 130 
is substantially fixed to the tension member 142 to re- 
strict axial movement of the sensor module. For en- 
hanced decoupling of the sensor unit 1 20 from the cable 

<o 40, one or more of the fastening members 130 Is par- 
tially or fully made from a vibration absorbing material 
(e.y., rubber). 

[0023] The data carriers 42 include electric wire and/ 
or fiber optic conductors and can be tenninated In stand- 

<5 ard subsea connectors 150. In one embodiment, the da- 
ta earners 42 terminate at opposing ends of the sensor 
unit 120. Thus, signal/data transmission passes through 
the sensor unit 120. In other embodiments, one or more 
of the data carriers 42 can pass outside the sensor unit 

50 1 20. In this alternate arrangement, a portion of the sig- 
nal/data transmission bypasses the sensor 120 via one 
or more external data carriers 42 (not shown). Of 
course, a connection to the sensor module 120 is not 
required for those external data carriers 42. in certain 

55 embodiments, the span of the data carrier 42 between 
the subsea connector 1 50 and the tenmination block 110 
can Include an insulated cable portion that Is coupled to 
the data carrier 42 in the cable segment 40A via a suit- 
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able termination. It should be understood that the data 
carriers 42 can also be configured to transfer power. 
[0024] The spacers 160 substantially eliminate reso- 
nance frequencies of the tension mennbers 142 In a pre- 
determined seismic band. In a preferred embodiment, 
the spacers 160 are disk-like members that are inter- 
posed between the temiination block 110 and the sen- 
sor unit 120. The spacer 160 Is attached to the tension 
members 142 such as to effectively reduce the free 
length of the tension mennbers 1 42 and thereby increase 
the resonant frequency. While two spacers 160 are 
shown, a greater or fewer number may be used to suit- 
ably adjust the resonant frequency of the tension mem- 
bers 142. Additionally, the spacers 160 can act as a 
guard ring to protect the data carrier 42 and sun^ounding 
equipment from damage. A prefered hydrophone 122 
Is mounted in one of the spacers 1 60 and connected to 
the sensor unit 120 viaacable124. Of course, atenslon 
member not formed in a wire may not require a spacer 
to adjust its resonant frequency. 
[0025] The protection tube 1 70 protects the data car- 
rier 42, the stress members 142, and other equipment. 
Preferably, a protection tube 1 70 covers or encloses the 
sections of the sensor module 100 that on opposing 
sides of the sensor unit 120, For convenience, one of 
the protection tubes 170 is sectionally shown to reveal 
the enclosed components. A preferred tube 170 Is a re- 
silient flexible sleeve-like member formed at least par- 
tially of reinforced rubber hose. In addition to protecting 
intemal parts and equipment, the tube 170 can prevent 
. the stress members 142 from twisting and other unde- 
sirable movement. 

[0026] Further, embodiments of cables made in ac- 
cordance with the present Invention will have advantag- 
es during handling; e.g., when the cable is deployed or 
retrieved form the seabed. Conventionally, winches and 
other machineries are used to pay out or pull in seismic 
cables. A typical an^angemeht for handling of a seabed 
cable Is shown in Fig. 3. The cable 200 with the sensor 
module 210 pass over a sheave wheel 220 and onto a 
winch 230. As Illustrated in Fig. 4, the cable 200 may 
be damaged in the point 240 when It is bent over a radius 
that is too small compared to the length of the relatively 
stiff sensor module 210. That is, the length of the stiff 
sensor module 210 does not property seat on the arcu- 
ate surface of the sheave wheel 220. With conventional 
cables, a typical solution is to provide a very large diam- 
eter for the winch drums and sheave wheels, often in 
the range of 3 to 4 meters. Thus, the "stiff length" of a 
sensor module 210 can dictate the minimum diameter 
of a sheave wheel 220. 

[0027] Advantageously, a cable made In accordance 
with the present invention can reduce the minimum re- 
quired diameter of a sheave wheel 220 because such a 
cable can have a stiff length in the range of 1 5 cm to 20 
cm. Referring now to Fig. 5. a portion of a preferred ca- 
ble 40 is shown disposed over a sheave wheel 220. As 
can be seen, the sensor module 1 00 flexes over the ar* 



cuate surface of the sheave wheel 220. Specifically, the 
decoupling device 140 allows a degree of articulation or 
flexibility between the sensor unit 120 and an end 46 of 
the cable 40. Depending on the geometry and materials 

5 of the sensor module 100, the stiff length will likely be 
the length of either the sensor unit 120 or a component 
of the decoupling device 140 rather entire sensor mod- 
ule 1 00. In addition to above-mentioned advantages the 
preferred embodiment will be silgnificantly cheaper to 

10 manufacture then existing solutions. 

, [0028] The foregoing description is directed to partic- 
ular embodiments of the present invention for the pur- 
pose of illustration and explanation. It will be apparent, 
however, to one skilled In the art that many modifications 

f 5 and changes to the embodiment set forth above are pos- 
sible without departing from the scope of the invention. 
It is intended that the following clainr^ be interpreted to 
embrace all such modlfbatlons and changes. 
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Claims 

1 . A system for marine seismic exploration, compris- 
ing: 

(a) a first vessel (12) for deploying a seismic 
source (20) in a body of water, said seismic 
source (20) being adapted to emit acoustteal 
energy; 

(b) a second vessel (3Q).for deploying a cable 
(40) adapted to rest on a seabed (60); 

(c) one or more sensor units (120) disposed 
along said cable (40). said one or more sensor 
units (1 20) being configured to detect reflected 
acoustical energy; and 

(d) a decoupling device (140) associated with 
each said one or more sensor units (120), said 
decoupling device (140) being configured to 
substantially acoustically uncouple each said 
one or more sensor units (120) from said cable 
(40). 

2. The system according to claim 1 , wherein said de- 
coupling device (140) substantially isolates said 
one or more sensors units (1 20) from shear waves 
propagating through said cable (40). 

3. The system according to claim 1 or 2, wherein said 
decoupling device (140) Is substantially less rigid 
than said cable (40). 



55 4. The system according to claim 1 , 2 or 3, wherein 
said decoupling device (1 40) comprises at least one 
flexible tension member (142) having opposing 
ends connected to saM cable (40), said sensor unit 
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(120) being affixed to said 
sion member (142). 
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iast one flexible ten- 



5. The system eccordlng to claim 4, further comprising 
at least one fastening member (1 30) for affixing said 
sensor unit (120) to said at least one flexible tension 
member (1 42), said at least one fastening member 
(130) being at least partially fomied of a vibration 
absorbing material. 

6. The system according to claim 4 or 5, further coni- 
prising a termination block (110) tor attaching each 
said opposing end of said flexible tension member 
(142) to said cable (40). 

7. The system according to claim 4, 5 or 6, further 
comprising at least one spacer (1 60) affixed to said 
tension member (142), said at least one spacer 
(1 60) adapted to selectively adjust the resonant fre- 
quency of said at least one tension member (142). 

8. The system according to any preceding claim, fur- 
ther comprising at least one tube (1 70) at least par- 
tially enclosing said decoupling device (140). 

9. The system according to any preceding claim, fur- 
ther comprising at least one signal transmission 
carrier (42) associated with said cable (40), said at 
least one signal transmission canier (42) being cou- 
pled to said sensor unit (120) with a subsea con- 
nector (150). 

10. The system according to claim 9, wherein said at 
least one signal transmission earner (42) transmits 
signals selected from a group consisting of electri- 
cal signals and optical signals. 



16; 



17. 
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wherein said cable (75) is tethered to a substantially 
stationary location (62) selected from one of: (i) at 
least one buoy; and (11) at least one platfonn. 

The system according to claim 15, further compris- 
ing a seismic data recording system positioned at 
said substantially stationary location (62). 

A method for perfomning marine seismic surveys, 
comprising: 

(a) positioning a sensor unit (120) on a seabed 
(60) such that the sensor unit (120) is acousti- 
cally coupled to the seabed (60), the sensor unit 
(120) being configured to detect reflected 
acoustical energy; and 

(b) connecting the sensor unit (120) to a cable 
(40) with a decoupling device (140) that sub- 
stantially acousticalty uncouples the sensor 
unit (120) from the cable (40). 

. The method according to claim 17, wherein the de- 
coupling device (140) Is substantially less rigid that 
the cable. 



30 



19, The method according to claim 17 or 18, further 
comprising substantially isolating the sensor unit 
(120) frorh movement in the cable (40) that is asso- 
ciated with acoustical energy. 



20. The method acconjing to claim 1 7, 1 8 or 1 9. further 
comprising affixing the sensor unit (120) to the de- 
coupling device (140) with a fastening member 
S5 (1 30) formed at least partially of vibration absorbing 
material member. 



11. The system according to any preceding claim, 
wherein said decoupling device (140) substantially 
acoustically Isolates.said one or more sensor units 
(120) from shear waves propagating along said ca- 
ble (40). 

12. The system according to any preceding claim, 
wherein said sensor unit (1 20) includes a sensor se- 
lected from a group consisting of an acceleration 
sensor and a pressure wave sensor. 

13. The system according to any preceding claim, 
wherein said sensor unit includes electronics cir- 
cuitry for at least digitizing a signal output of a sen- 
sor associated with said sensor unit (120). 

14. The system according to any preceding claim, 
wherein said first vessel (12) and said second ves- 
sel (30) are the same vessel. 

15. The system according to any preceding claim. 



21. The method according to any of claims 17-20, fur- 
ther coupling at least one signal transmission cani- 

40 er (42) associated with said cable (40) to the sensor 
unit (120) with a subsea connector (150). 

22. The method according to claim 21 , further compris- 
ing configuring the at least one signal transmission 

^ earner (42) to transmit signals selected from a 
group consisting of electrical signals and optical sig- 
nals. 

23. The method according to any of claims 17-22, fur- 
50 ther comprising emitting acoustical energy Into the 

body of water with an acoustical source (20) and 
detecting reflected acoustical energy with the sen- 
. sor unit (120). 

55 24. The method according to claim 23, further compris- 
ing transmitting data signals indicative of the detect- 
ed reflected acoustical energy via at least one data 
transmission carrier (42) to a surface vessel (30). 
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25. The method according to claim 24, further compris- 
ing processing the transmitted data signals. 

26. A seismic cable, comprising: 

a cable (40); and 



at least one sensor unit (120) for detection of 
reflected acoustical energy, said at least one 
sensor unit (1 20) being attached to said cable io 
(40) with a decoupling device (140) configured 
to acoustically decouple said at least one sen- 
sor unit (120) from said cable (40). 



27. The seismic cable according to clajm 26, wherein is 
said decoupling device (140) includes at least one 
tension member (142). 



28. The seismic cable according to daim 26 or 27, fur- 
ther comprising at least one termination block (110) 
for connecting said at least one tension member 
(142) to said cable (40). 



29. The seismic cable according to claim 26, 27 or 28, 
further comprising at least one fastening member 2$ 
(1 30) connecting said at least one sensor unit (120) 

to said at least one tension member (142). 

30. The seismic cable according to claim 29, wherein 
said at least one fastening member (1 30) is at least so 
partially formed of a vibration absorbing material. 



31. The seismic cable according to claim 29 or 30, 
wherein said cable (40) comprises at least one data 
canrier (42) electrically connected to said sensor 35 
unit (120) by a subsea connector (150). 

32. The seismic cable according to any of claims 26-31 , 
wherein said cable (40) further comprises at least a 
second data carrier bypassing said sensor unit 40 
(120). 

33. The seismic cable according to any of claims 26-32, 
wherein a stiff length in said cable (40) is no greater 
than about 20 cm. <s 

34. The seismic cable according to any of claims 26-33, 
wherein said sensor unit (1 20) Includes at least one 
sensor configured to detect reflected acoustical en- 
ergy 1 n the iom of one of pressure wave and shear so 
waves. 



35. The seismic cable according to claim 34, wherein 
said sensor unit (120) includes a signal processor 
for processing signals produced by said at least one S5 
sensor. 
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FIG. 3 
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